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PROVISIONAL SPECTEICATION, 


Improved Process of and Apparatus for Production of High Vacua. 


T, Nikona TESLA, Mechamient and 
Electrical Engineer, citizen of the United 
States of America, of 8, West 40th 
Street, New York City, U.S.A., do 
hereby declare the nature of this imven- 
tion to be as follows:— 

In the development of power by thermio- 
dynamic primemovers, as steam engines 
and turbines, a low back pressure 3s 
essential to good economy, the pertor- 
ance of the machine being increased from 
fifty to one hundred per cont, by reducing 
the absolute pressttre in the exhaust space 
from fifteen to about one pound — per 
square inch. Turbines are particularly 
susceptible to such improvement and i 
their use for operation of power plants 


and manufacturing establishments the 
attainment and steady meaimtenance of 


Ju@h vacua has assumed great mportance, 
every effort being made to better the con- 
ditions in this respect. The gain effected 
hy this means is, in a large measure, 
dependent on the initial pressure, charac- 
teristics of the primemover, tempera- 
ture of the cooling medium, cost of the 
condensing apparatus and many other 


things which are all well-known to 
= : rly . . 
experts. The theoretical saving of from 


five to six per cent. of fuel for each addi- 
tional inch of vacuum is often closely 
approximated in modern installations, 
but the economic advantages are appre- 
ciably lessened when higher vacua are 
applied to existing machines purposely 
designed to operate with lower ones. 
More especially is this true of a turbine 
in which the reduction of back pressure 


merely imereases the velocity of exit ot 
the vapors without materially wuement- 
ine the speed of their impact against the 
vanes, buckets, or equivalent organs, when 
the loss of kinetic enerey in the exhaust 
may offset a considerable portion of the 


useful worl. In such euses some con- 
stiuetional changes im the durbine and 


auxiliaries may have to be made im order 
io secure the results here contemplated 
but the additional capital used for this 
purpose will be profitably invested. Swin- 
ming up the situation it may he generally 
stated that a more or less substantial 
reduction of fuel cost can be made in most 
of the existing power plants ba the 
adoption of proper punpipng apparatus 
and establishment of working conditions 
nearly corresponding to those of an idea 
condenser. 

The chief difficulties which have thus 
far retarded advancement in this direction 
are encountered in the enormous volumes 
of the air and vapor at very low pressures 
as well as unavoidable leaks in the con- 
denser, pipe joints, valves, glands and 
stuffing boxes. At present exhaustion 1s 
usually accomplished by reciprocating 
pumps and these, on account of the neces- 
sarily low speed of the pistons are large 
and, moreover, incapable of satisfactory 
performance in the presence of big leaks. 
As a direct result of this the condensing 
plant is both bulky and expensive and, 
worse still, its size and cost increase 
entirely in disproportion to the results 
attained. To  illustrate—the outlay 
involved in the instalment of condensing 
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apparatus for a twenty-eight inch vacuum 
is more 
vacuum of twenty-six inches and these 
draw-backs are still more emphasized with 
the further reduction of the back pressure. 
Rotary pumps aud jets of water and 
steam are also used in the production of 
vacua, but without marked qualitative 
advantages. As to the possible employ- 
ment of multi-stage centrifugal — ex- 
hausters, engineers are stil in) doubt. 
Such inachines have heretofore served 
only for purposes of compression and it 
is more than probable that they would 
prove unsuitable for very high rare- 
faction. The introduction of Sir Charles 
Parsons’ ‘vacuum augmentor 7? and 
Weir's “dry air’ pump was a decided 
progress tow ‘ards the desired woal, never- 
theless this important problem has only 
been partially solved and to this dav {lie 
condensing apparatus Is admittedly the 
Host troublesome part of the whole power 
mechanism, to such an extent, indeed, 
that its duplieation is often deemed advis- 
able if not absolutely necessary to the sate 
and reliable working of the plant. 

T have achieved better suecess in depart- 
ine from the customary method of remov- 
ing the air and entrained steam from the 
condenser by bodily carriers as jets, 
reciproc ating pistons oy rotating vanes, 
and availing myself of the properties of 
adhesion and viscosity which, according 
to experimental evidence, are retained by 
the gases and vapors even at very high 
degrees of attenuation. The new process 
which IT have thus evolved is rendered 
practicable through a novel type of pump 
which T have invented and deseribed in 
wiv British Patent No. 24,001 of 1910. 
This device, suitably modified in certain 
details of construetion and run at the 








than double fat required for a- 


excessive peripheral speed of which an 
unloaded svstem is capable, exhibits two 
remarkable and valuable properties. One 
of these is to expel the rarefied fluids at 
sueh an tmmense rate that a hole of some 
size can be drilled in the condenser with- 
out much effect on the vacuum eauge. 
The other is to draw out the fluids until 
the exhaustion is almost complete. A 
machine of this kind, constructed in 
stages, is alone sufheient for the produc- 
tion of extremely Iieh vacua and PF believe 
this quality to be very valuable masmuch 
as dois not possessed to suehia degree by 
other types of conmercial pumps which 
have eome to my knowledge. However, 
in order to avoid undue complication and 
expense To make use of the ordinary 
exhausting apparatus and simply insert 
hetween if and the condenser mv pump. 
which sucks out the biehly attenuated 
media, compresses and delivers them to 
the “dry air’? or other pump. his 
combination is especially advantageous 
from the practical point of view as eand 
results Can he semured with a! sneole Stuoe 
and the instalment of my device ealls far 
hut a sheht change in the steam plant. 
The benefits derived are twofold: a higher 
facut is attained and, what is perhans 
more nmportant, the frequent and unaveid- 
able dmpairments of the same. which 
seriously affect the economy, are virtually 
eliminated. Mv pump makes possible the 
maintenance of high vacua even when the 
percentage of air or other fluids carried 
with the steam is very great and on this 
account should prove partieularly useful 
in the operation of nuxed fluid turbines. 


Dated this 24th dav of March, 1921. 
NIBKOLA TESIA. 


COMPLETE SPECIFICATION. ~~ 


Improved Process of and Apparatus for Production of High Vacua. 


I. Nrxona TEsua, 
Mechanical Engineer, 
states of America, of No. 8, West 40th 
Street, New York, N.Y., U.S.A., do 
hereby declare the nature of this invyen- 
tion and in what manner the same is to 
be performed, to be particularly described 
and ascertained in and by the followi ing 
statement: 


Electrical and 
eitizen of United 


Tn the ae eee of power by thermo- 
dynamic primemoyers, as steam engines 


and turbines, a low back pressure 1s 
essential to good economy, the pertorm- 
ance of the machine being increased from 
hity to one hundred per cent. by reducing 
the absolute pressure in the exhaust space 
from fifteen to about one pound per 
square inch. Turbines are particularly 
susceptible to such improvement and in 
their use for operation gf power plants 
and manufacturing establishinents the 
attainment and steady 


maintenance of 
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lneh vacua has assumed great unportance, 
every effort being made to better the con- 
ditions in this respect. The gain effected 
by this means is, in a large measure, 
dependent on the initial pressure, charae- 
{eristics of the primemover, tempera- 
dure of the cooling mediwin, cost of the 
condensing apparatus and many other 
things which are all well-known — to 
experts. The theoretical savine of from 
five to six percent. of fuel for each addi- 
dional ineh of vacuum is) often closely 
approxmnated in modern mstallations, 
but the economie advantages are appre- 
ciably lessened when higher vacua are 
applied to existing machines purposely 
designed to operate with lower ones. 
More especially is this true of a turbine 
in which the reduction of back pressure 
merely increases the velocity of exit of 
the vapors without materially augment- 
ing the speed of their mmpact against the 
vanes, buckets, or equivalent organs, when 
the loss of kinetic enerev im the exhaust 
mav offset a considerable portion of the 


useful work. ln such cases sone con- 
structional changes in the turbine and 


auxiliaries may have to be made in order 
do secure the results here contemplated 
but the additional capital used for this 
purpose will be profitably invested. Sum- 
ming up the situation it may be generally 
stated that a more or less substantial 
reduction of fuel cost can be made in most 
of the existing power plants by the 
adoption of proper pumping apparatus 
and establishment of working conditions 
nearly corresponding to those of an ideal 
condenser. 

The chief diffieulties which have thus 
far petarded advancement in this direction 
are encountered in the enormous volumes 
of the air and vapor at very low pressures 
as well as unavoidable leaks mm the con- 
denser, pipe joints, valves, glands and 
stuffing boxes. At present exhaustion 15 
usually accomplished by reciprocating 
pumps and these, on account of the neces- 
savilv low speed of the pistons are large 
and, moreover, incapable of satisfactory 
performance in the presence of big leaks. 
As a direct result of this the condensing 
plant is both bulky and expensive and, 
worse still, its size and cost increase 
entirely in disproportion to the results 
attained. To  illustrate—the outlay 
involved in the instalment of condensing 
apparatus for a twenty-eight inch vacuum 
is more than double that required for a 
vacuum of twenty-six inches and_ thece 
draw-backs are still more emphasized with 
the further reduction of the back pressure. 
Rotary pumps and jets of water and 








steam are also used in the production of 
vacua, but without marked qualitative 
advantages. 

L have achieved better success in depart- 
ing from the customary method of remov- 
ing the air and entrained steam from the 
condenser by bodily carriers as jets, 
reciprocating pistons or rotating vanes, 
and availing myself of the properties of 
adhesion and viscosity which, according 
to experimental evidence are retaimed by 
the gases and vapors even at very high 
degrees of attenuation. © This new  pro- 
cess is rendered practicable through a 
pump, the underlying princ:ple of which 
is fully explained in my British Patent 
24 001 of 1910, but which is modified as 
hereinafter described and when run at 
the very great peripheral speed of which 
an unloaded system is capable, exhibits 
two remarkable and valuable properties. 
One of these is to expel the rarefied fluids 
at such an immense rate that a hole of 
some size can be drilled in the condenser 
without much effect on the vacuum gauge. 
The other is to draw out the fluids until 
the exhaustion is almost complete. A 
machine of this kind, constructed in 
stages, Is alone sufficient for the produc- 
tion of extremely high vacua and | 
believe this quality to be very valuable 
Inasmuch as it 1s not possessed to such 
a degree by other types of commercial 
pumps which have come to my knowledge. 
T have also found that a very effective 
combination is produced by iserting my 
pump between the condenser and a ‘* dry 
air’ or other pump. This combination 
is especially advantageous from — the 
practical point of view as good results can 
be secured with a single stage and the 
instalinent of my device calls for but a 
slight change in the steam plani. The 
henefits derived are twofold; a Jugher 
vacuum is attained and, what is perhaps 
more important, the frequent and 
unavoidable impairments of the same, 
which seriously affect the economy, are 
virtually eliminated. My pump makes 
possible the maintenance of high vacua 
even when the percentage of air or otber 
fluids carried with the steam is very great 
and on this account should prove  par- 
ticularly useful in the operation of mixed 
fluid turbines. 

My invention will be more fully under- 
stood by reference to the accompanying 
drawings in which Fig. 1 shows a multi- 
stage pump of this kind in sectional 
views, and Fig. 2 illustrates its use in 
connection with a double-acting reeipro- 
cating pump. — 


In the first figure, 1, 2, . . . are rotors 
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each of which, as 1, comprises a number 
of relatively than disks 3, 3... . separated 
by starwi ashers 4,4... and held together 
by rigid end- plates 5 and 6 on a eave 7 
which is fitted and keyed to a ta 5, 
rotatably supported in be aries 9, The 
rotors are contamed im sep: cpnke C i. ae Ps 
of a common structure LO which sur- 


rounds them and is made up of parts 


held fogether by flange connections. 
Begining with the fist sti age at 1, the 


rotors diminish in width, each following 
heme made narrower than fie prec oding, 
for Whsione eC ononne reasons. All the 
thin dises, as 3, _, and lefthand end- 
plates, as A, are eo raaled with the usual 
central openings, but the righthand end- 
: r 
plates, as 6, are blank. Vhe iedividual 


chambers, containing the rotors,  Com- 
munieate with each other through 
channels, as 1], extending from the perl- 


pheral region of one to (hie central part 
of the next, so that the flutds aspired at 
the intakes 12, 12 are compelled {QO puss 
through the whole series of rotors and 
are finally ejected at the flanged open- 


ine 13 of the last chaniber. In order to 
reduee leakage along the shaft, close- 


fitting joints or loc As. as [4, are ennploved 
een may be of ordinary Recah 
vnd need not be dwelled upon specifically. 
The number of stages will depend on the 
peripheral veloc ity and the degree of 
exhaustion which it is desired to secure, 
and in extreme cases a number of separate 
structures, with intermediate bearmes for 
the shaft, may have to be provided. W hen 
found preferable the pump may be of the 
double-flow type, when there will be no 
appreciable side thrust, otherwise pro- 
vision for taking 1t up ila he made. 

The modifications in details of construe- 
tion, to which reference has been made, 
consist mm the employment of smaller 
spaces between the dises than has hitherto 
heen the case, and of close side-clearances. 
To give a practical example, I may state 
that spaces of 3/,, of an inch will be effec- 
live in the production of very high vacua 
with dises of, say, 24 inches in diameter. 
I also make all discs tapering, when neces- 
sary, in order to operate safely at an 
extremely high peripheral velocity which 
Is Very desirable since it reflects both on 
the size of the machine and_ its 
effectiveness. 

The arrangement represented diagram- 
matically in "Fig, 2 is especially suitable 
and advantageous in connection with 
existing steam plants oper ating with high 
vacuum and permits the carrying out of 
my improvements in a simple manner and 
at comparatively small cost. In this case 











wy pump, which may have but one rotor 
of the above desc ‘ription, 1s connected with 
its intake 12, through a pipe 15, to the 
top of a soilCneel 16, and with its dis- 
charge opening 13, by pipe 17, to the suc- 
Lion “AWeL of a reciprocating dry air pup 
18. It goes without say Ing that in actual 
practice connections 15 and 17 will be 
short maius of very large section as the 
volume of fluids to be pumped may be 
enOTDOUS, 

The operation w lt be readily under- 
stood from the foregomg. The intakes 12 
(Fig. 1) being joined by an air-tight con- 
Nee tion to es ‘exsel to be exhausted and 
the system of dises run at very high peri- 
phet ral velocity the fluids, by reason of 
their properties of viscosity and adhesion, 
are drawn out of the vessel until ae 
degree of rarefaction is attained for which 
fie apparatus has been designed. Tn 
their passage through the series of rotors 
the fluids are compressed by stages and 
ejected through the opening 18 at a 
volume eveatly reduced, The vacuum 
produce aie by {his means may be extreme] < 
high because of the apparently unique 
pr operties of the device pointed out 
before, and as the fluids, irrespective of 
ther density, are sucked out at an exces- 
sive speed, leaks through the glands, 
stuffing boxes and connections are of hut 
sheht effect. 

In the arraneement shown in Fie. 2 
Inv pump serves to evacuate the condenser 
much more effectively and by COMpYess- 
ine the fluids at the intake of the recipro- 
cating pump improves the performance of 
the same. The instalment of the device 
in existing plants does nat call for exten- 
sive alterations in the same and will result 
ina notable saving of fuel. = My pump 
may also be advantageously employed in 
place of a steam jet m eonjunction with 


a small condenser in which case it will 
be of insignificant dimensions and 


economical in steam consumption, 


Having vow particularly described and 
AeGeN tate the nature of my said inven- 
tion and in what manner the same is 
to be performed, I declare that what J 
claim 1s: 


1. The improved process of rarefaction 
which consists in rotating a dise systen 
eommunic ating with a receptacle and con- 
dinuously ejecting fluid adhering to said 
system, ‘until a high vacuum is attained 
in ue receptac le, as deseribed. 

The improved method of exhausting 
a ee which consists in rotating a 
system of dises and continuously apply- 
ing the frictional force, arising from the 


— 
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viscosity of the fluid and its adhesion to 
said system, to exhaust the vessel until 
a high vacuuin is attaimed, substantially 
as described. 

3. The improved process of rarefaction 
which consists in sucking out of a vessel 
attenuated fluids by the frictional force 
of a system of rotating dises, compressing 
them in the passage through the same, 


—— ee 
a i 


and discharging them into the intake duct 10 
of a positively acting pump, as deseribed. 

4 Asa means for obtaining high vacua, 
the combination of apparatus, as illus- 
irated and described. 


Dated the 231d day of August, 1O2T, Lo 


NIKOULA TIESEA. 
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